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??????????? $e(t)$ , $f(t)$ , $g(t)$ ?? $h(t)$ ??????????? $\phi_{q}(z)$ ?
$\phi_{q}(z)=|z|^{q-2_{Z}}, q>1$
????????? $P$ ? $P^{*}$ ? $(p-1)(p^{*}-1)=1$ ????????????????
$\phi_{p^{*}}$ ? $\phi_{p}$ ?????????? $e(t)\equiv 0,$ $f(t)\equiv 1$ ???????? $y=\phi_{p}(x')$ ????
???? $(HS)$ ? 2??????
$(\phi_{p}(x'))'+h(t)\phi_{p}(x')+g(t)\phi_{p}(x)=0$
???????????? $x(t)$ ??????? $\phi_{p}$ ? $\phi_{p}(xy)=\phi_{p}(x)\phi_{p}(y)$ ?????
????? $cx(t)$ ?????????????????????????????????




???? (????[5, 6, 12, 15, 16, 17, 18] ?????). ???? $(HS)$ ??????
???????????????????????????????????????
??????? $(t_{0}, (x_{0}, y_{0}))$ ??????? $(HS)$ ??? $(x(t), y(t))$ ??? $z(t)=cx(t)$ ,
$w(t)=\phi_{p}(c)y(t)$ ????????????? $(z(t_{0}), w(t_{0}))=(cx_{0}, \phi_{p}(c)y_{0})$ ??????
$z'(t)=cx'(t)=-e(t)cx(t)+f(t)\phi_{p^{*}}(\phi_{p}(c)y(t))=-e(t)z(t)+f(t)\phi_{p^{*}}(w(t))$
??????????????? (B) ???? 23740115?????????????
??????????
? 1901? 2014? 55-68 55
??
$w'(t)=\phi_{p}(c)y'(t)=-g(t)\phi_{p}(cx(t))-h(t)\phi_{p}(c)y(t)=-g(t)\phi_{p}(z(t))-h(t)w(t)$
?????? $(z(t), w(t))$ ?? $(t_{0}, (cx_{0}, \phi_{p}(c)y_{0}))$ ??????? $(HS)$ ???????
????????????????
?? 1.1. ? $(to, (x_{0}, y_{0}))$ ??????? $(HS)$ ??? $(x(t), y(t))$ ?????????




?? 1.2. ?? $t_{0}\geq 0$ ????? $(x_{0}, y_{0})$ ??????? $(HS)$ ??? $(x(t), y(t))$ ??
???? $\psi(t)$ ?
$\psi(t)=\max\{-pe(t)+|(p-1)f(t)-g(t)|, -p^{*}h(t)+|f(t)-(p^{*}-1)g(t)|\}$
??????????????? $(HS)$ ?? $(x(t), y(t))$ ? $t\geq t_{0}$ ???????
$|x(t)|^{p}+|y(t)|^{p^{*}} \leq(|x_{0}|^{p}+|y_{0}|^{p^{*}})\exp(\int_{t_{0}}^{t}\psi(s)ds)$ (1.1)
??????
?? 1.2???????? $e(t)$ , $f(t)$ , $g(t)$ ?? $h(t)$ ??????? $\psi(t)$ ?????
?????????????? 1.2??????? (1.1) ??????????? $(HS)$
???????????????????????? (1.1) ??? $(x_{0}, y_{0})=(0,0)$ ?
???? $(x(t), y(t))\equiv(0,0)$ ?????????????? $(HS)$ ????????
???????????? $(HS)$ ????????????????????????
??xo $=(x_{0}, y_{0})$ ?????? $to\geq 0$ ?????? xo ??????? $(HS)$ ???
$x(t;to, xo)$ $=(x(t;to, x_{0}, y_{0}), y(t;t_{0}, x_{0}, y_{0}))$ ????????? $\Vert\cdot\Vert$ ?????????
?????
?? 1.1. ???? $(HS)$ ??????????????? $\epsilon>0$ ? to $\geq 0$ ?????
?? $\delta(t_{0}, \epsilon)>0$ ????? $\Vert x_{0}\Vert<\delta(t_{0}, \epsilon)$ ??????? $x_{0}\in \mathbb{R}^{2}$ ????? $t\geq t_{0}$
????? $\Vert x(t;t_{0},$ $x_{0}$ $<\epsilon$ ?????????? ([1,2, 3,4,8, 9, 10, 11, 13, 14,20] ?
??).
?? 1.2. ???? $(HS)$ ??????????????????? $t_{0}$ $\geq 0$ ??????
? $\gamma(t_{0})>0$ ???????? $\eta>0$ ???????? $T(t_{0,\eta})>0$ ???? $\Vert x_{0}\Vert<\gamma(t_{0})$
??????? $x_{0}\in \mathbb{R}^{2}$ ??????? $t\geq\iota_{0}+T(t_{0\eta})$ ????? $\Vert x(t$ ;to, $x_{0}$ $<\eta$
?????????? ([1,11,13,20]???).
56
?? 1.3. ???? $(HS)$ ????????????????????? $(HS)$ ???
???????????????????? ([1,11,13,20]???).
???? $p\neq 2$ ???????????????????????????? $(HS)$ ?
??????????????????$p=2$ ???????? $(HS)$ ? 2?????
$x'=A(t)x, A(t)=(\begin{array}{ll}-e(t) f(t)-g(t) -h(t)\end{array}) (LS)$






[1, 3, 4, 9, 14, 20] ?????). ??????????????????????????
??????????????????????? $(LS)$ ??????????????
???????????????????? $t_{0}\geq 0$ ??????? $\gamma(t_{0})>0$ ?????
$\Vert x_{0}\Vert<\gamma(t_{0})$ ??????? $x_{0}\in \mathbb{R}^{2}$ ???? $\eta>0$ ???????? $T(t_{0}, xo, \eta)>0$
???????? $t\geq t_{0}+T(t_{0}, x_{0}, \eta)$ ????? $\Vert x(t$ ;to, $x_{0}$ $<\eta$ ?????????
???????????????????????????????????????


























?? 1.1. ???? $(HS)$ ????????????????????????????
????????? $(HS)$ ???????????????




?????????? 3??????). ? 4???????????????????
???????????????????????????????????????




Young ???? ([5, 6] ???) ?????????????????
?? 2.1. ?? $X,$ $Y$ ????????
$\frac{|X|^{p}}{p}-XY+\frac{|Y|^{p^{*}}}{p}*\geq 0$
?????????? $(p-1)(p^{*}-1)=1$ ?? $p>1$ ????
???????????????????????? 1.2???????
?? 1.2????? $(to, (x_{0}, y_{0}))$ ??????? $(HS)$ ??? $(x(t), y(t))$ ??????









????????????? $\exp(-\int_{t_{0}}^{t}\psi(s)ds)$ ?????? $t\geq t_{0}$ ????
$( \exp(-\int_{t_{O}}^{t}\psi(s)ds)v(t))^{\ovalbox{\tt\small REJECT}}\leq 0$
??????? $t_{0}$ ?? $t$ ???????? $t\geq t_{0}$ ????
$v(t) \leq v(t_{0})\exp(\int_{t_{0}}^{t}\psi(s)ds)=(|x_{0}|^{p}+|y_{0}|^{p^{*}})\exp(\int_{t_{0}}^{t}\psi(s)ds)$
???????????? (1.1) ?????? $\square$
? 1???????????? (1.1) ??????????? $(HS)$ ???????
?????????????????????????????? 1.1? 1.2????
???????????
?? 1.1???????? $(HS)$ ??????????????????? $to\geq 0$ ???
???? $\gamma(t_{0})>0$ ? $T(t_{0},1)>0$ ???? $\Vert x_{0}\Vert<\gamma(t_{0})$ ??????? xo $=(x0, yo)\in \mathbb{R}^{2}$
??????? $t\geq t_{0}+T(t_{0},1)$ ????? $\Vert x(t;t_{0}$ , xo $<1$ ?????????
$x(t)=x(t;t_{0}, x_{0}, y_{0}) , y(t)=y(t;t_{0}, x_{0}, y_{0})$
????????? $\psi(t)$ ?
$\psi(t)=\max\{-pe(t)+|(p-1)f(t)-g(t)|, -p^{*}h(t)+|f(t)-(p^{*}-1)g(t)|\}$
???????? $\psi(t)$ ? $t\geq to$ ??????????????? $[to, t_{0}+T(t_{0},1)]$ ?
????????????? $to\leq t\leq t_{0}+T(t_{0},1)$ ????? $\psi(t)\leq K(t_{0})$ ????





??????????????????? $[t_{0}, t_{0}+T(t_{0},1)]$ ?????????????
?????
$L(t_{0})= \sqrt{2}\max\{1, (\gamma(t_{0})^{p}+\gamma(t_{0})^{p^{*}})e^{K(t_{0})T(t_{0},1)}\}$
????? $1<L(t_{0})/\sqrt{2}$ ?????? $t\geq t_{0}$ ????
$|x(t)|<( \frac{L(t_{0})}{\sqrt{2}})^{\frac{1}{p}}<\frac{L(t_{0})}{\sqrt{2}}$ ?? $|y(t)|<( \frac{L(t_{0})}{\sqrt{2}})^{\overline{p}^{T}}1<\frac{L(t_{0})}{\sqrt{2}}$
????????? $t\geq t_{0}$ ????
$\Vert x(t;t_{0}, x_{0} <L(t_{0})$ (2.2)
????
???(a) $1<p<2$ ? (b) $p\geq 2$ ?????????????????(a) $1<p<2$
??????????? $0<\epsilon<1$ ???? $t_{0}\geq 0$ ????
$\delta(t_{0}, \epsilon)=(\frac{\epsilon}{L(t_{0})})^{p^{*}-1}\gamma(t_{0})$
???????? $\gamma(t_{0})$ ???????????????????? $t_{0}\geq 0$ ?? $\Vert x_{0}\Vert<$
$\delta(t_{0}, \epsilon)$ ???????? $x_{0}=(x_{0}, y_{0})\in \mathbb{R}^{2}$ ????????? $(HS)$ ?? $x(t;t_{0}, x_{0})=$
$(x(t;t_{0}, x_{0}, yo), y(t;to, x_{0}, y_{0}))$ ???????
$z(t)=( \frac{L(t_{0})}{\epsilon})^{p^{*}-1}x(t;t_{0}, x_{0}, y_{0}) , w(t)=\frac{L(t_{0})}{\epsilon}y(t;t_{0}, x_{0}, y_{0})$
??????? 1.1??? $(z(t), w(t))$ ?????
$(z(t_{0}), w(t_{0}))=(( \frac{L(t_{0})}{\epsilon})^{?-1}x_{0}, \frac{L(t_{0})}{\epsilon}y_{0})$
????????? $(HS)$ ?????? $1<p<2$ ??? $<L(t_{0})<L(t_{0})/\epsilon$ ???
??
$( \frac{L(t_{0})}{\epsilon})^{2}<(\frac{L(t_{0})}{\epsilon})^{2(p-1)}$




???????????? (2.2) ??????????? $t\geq t_{0}$ ????????
$L(t_{0})>\Vert(z(t), w(t))\Vert=\sqrt{(\frac{L(t_{0})}{\epsilon})^{2(p^{*}-1)}x^{2}(t;t_{0},x_{0},y_{0})+(\frac{L(t_{0})}{F})^{2}y^{2}(t;t_{0},x_{0},y_{0})}$
$\geq\frac{L(t_{0})}{\epsilon}\Vert x(t;t_{0}, x_{0}$
?????? $\Vert x(t;t_{0}, x_{0} <\epsilon ????????1<p<2 ???????? (HS)$ ??
????????
???(b) $p\geq 2$ ??????????? $0<\epsilon<1$ ???? $t_{0}\geq 0$ ????
$\delta(t_{0}, \epsilon)=(\frac{\prime}{L(t_{0})})^{p-1}\gamma(t_{0})$
???????? $t_{0}\geq 0$ ?? $\Vert x_{0}\Vert<\delta(t_{0}, \epsilon)$ ???????? $x_{0}=(x_{0}, y_{0})\in \mathbb{R}^{2}$ ??
??????? $(HS)$ ?? $x(t;t_{0}, x_{0})=(x(t;t_{0}, x_{0}, y_{0}), y(t;t_{0}, x_{0}, y_{0}))$ ???????
$z(t)= \frac{L(t_{0})}{\epsilon}x(t;t_{0}, x_{0}, y_{0}) , w(t)=(\frac{L(t_{0})}{\epsilon})^{p-1}y(t;t_{0}, x_{0}, y_{0})$
??????? 1.1??? $(z(t), w(t))$ ?????
$(z(t_{0}), w(t_{0}))=( \frac{L(t_{0})}{\epsilon}x_{0}, (\frac{L(t_{0})}{\epsilon})^{p-1}y_{0})$
????????? $(HS)$ ?????? $p\geq 2$ ??? $<L(t_{0})<L(t_{0})/\epsilon$ ?????
$( \frac{L(t_{0})}{\epsilon})^{2}\leq(\frac{L(t_{0})}{\epsilon})^{2(p-1)}$
??????? $\Vert x_{0}\Vert<\delta(t_{0}, \epsilon)$ ??
$\Vert(z(t_{0}), w(t_{0}))\Vert=\sqrt{(\frac{L(t_{0})}{\epsilon})^{2}x_{0}^{2}+(\frac{L(t_{0})}{\epsilon})^{2(p-1)}y_{0}^{2}}\leq(\frac{L(t_{0})}{\epsilon})^{p-1}\Vert x_{0}\Vert$
$<( \frac{L(t_{0})}{\epsilon})^{p-1}\delta(t_{0}, \epsilon)=\gamma(t_{0})$
???????????? (2.2) ??????????? $t\geq t_{0}$ ????????
$L(t_{0})>\Vert(z(t), w(t))\Vert=\sqrt{(\frac{L(t_{0})}{\epsilon})^{2}x^{2}(t;t_{0},x_{0},y_{0})+(\frac{L(t_{0})}{\epsilon})^{2(p-1)}y^{2}(t;t_{0},x_{0},y_{0})}$
$\geq\frac{L(t_{0})}{\epsilon}\Vert x(t;t_{0}, x_{0}$










??????????????????????????? $x'=x(x-1)$ ????? $arrow$
????? $(t_{0}, x_{0})$ ?????
$x(t;t_{0}, x_{0})= \frac{x_{0}}{x_{0}-(x_{0}-1)e^{t-t_{0}}}$
????????????2????? $x(t;t_{0},0)\equiv 0$ ?? $x(t;t_{0},1)\equiv 1$ ??????
?? $x_{0}<1$ ???? $tarrow\infty$ ???? $x(t;t_{0}, x_{0})arrow 0$ ????????????????





?? 3.1. ???? $(HS)$ ????????????????????? $t_{0}\geq 0$ ???
? $\alpha>0$ ????? $\eta>0$ ???????? $T(t_{0}, \alpha, \eta)>0$ ???? $\Vert x_{0}\Vert<\alpha$ ???
???? xo $\in \mathbb{R}^{2}$ ?????? $t\geq t_{0}+T(t_{0}, \alpha, \eta)$ ????? $\Vert x(t;t_{0}$ , xo $<\eta$ ???
??????? ([1, 11, 13,20] ???).
?? 3.2. ???? $(HS)$ ????????????????????????????
?????????????????? ([1,11,13,20]???).
?????????????????? $T>0$ ???? xo $\in \mathbb{R}^{2}$ ????????
???????????????????????????? $t_{0}\geq 0$ ? $\mathbb{R}^{2}$ ?????









?? 3.1. ???? $(HS)$ ???????????????????????????
????
??????? $(HS)$ ????????????? $t_{0}\geq 0$ ??????? $\gamma(t_{0})>0$ ?
??????? $\eta>0$ ???????? $T(t_{0}, \eta)>0$ ???? $\Vert\xi\Vert<\gamma(t_{0})$ ??????
? $\xi\in \mathbb{R}^{2}$ ????? $t\geq t_{0}+T(t_{0,\eta})$ ????? $\Vert x(t$ ;to, $\xi$ $<\eta$ ??????
???(a) $1<p<2$ ? (b) $p\geq 2$ ?????????????????(a) $1<$
$p<2$ ?????????????? $\alpha\geq\gamma(t_{0})$ ????? $\gamma(t_{0})\leq\Vert x_{0}\Vert\leq\alpha$ ??
???????? $x_{0}=(x_{0}, y_{0})\in \mathbb{R}^{2}$ ????????? $(HS)$ ??? $x(t;t_{0}, x_{0})=$
$(x(t;t_{0^{x}0,y0}), y(t;to, x_{0}, yo))$ ??????
$\Vert x_{0}\Vert=\Vert(x_{0}, y_{0} yo =((\frac{\gamma(t_{0})}{2\alpha})^{p^{*}-1}x_{0}, \frac{\gamma(t_{0})}{2\alpha}y_{0})$
????? $1<p<2$ ??? $p^{*}-1>1$ ?????
$( \frac{\gamma(t}{2\alpha}) 1<\frac{\gamma(t_{0})}{2\alpha}\leq\frac{1}{2}$
??????
$\Vert y_{0}\Vert=\sqrt{(\frac{\gamma(t_{0})}{2\alpha})^{2(p^{*}-1)}x_{0}^{2}+(\frac{\gamma(t_{0})}{2\alpha})^{2}y_{0}^{2}}\leq\frac{\gamma(t_{0})}{2\alpha}\Vert x_{0}\Vert\leq\frac{\gamma(t_{0})}{2}<\gamma(t_{0})$ (3.1)
??????????? 1.1??




?????(3.1) ?????????????????????? $t\geq t_{0}+T(t_{0}, \eta)$ ??
??





$\Vert x(t;t_{0}, x_{0} <(\frac{2\alpha}{\gamma(t_{0})})^{p^{*}-1}\eta=\epsilon$
???????? $\eta$ $|$? to, $\alpha$ ?? $\epsilon$ ????????????? $T(t_{0}, \eta)$ ? to, $\alpha$ ?? $\epsilon$
??????????????????? $(HS)$ ????????????????
???(b) $p\geq 2$ ?????????????? $\alpha\geq\gamma(t_{0})$ ????? $\gamma(t_{0})\leq\Vert x_{0}\Vert\leq\alpha$
?????????? $x_{0}=(x_{0}, y_{0})\in \mathbb{R}^{2}$ ????????? $(HS)$ ??? $x(t;t_{0}, x_{0})=$
( $X($ t $x$ ??????
$\Vert x_{0}\Vert=\Vert(x_{0}, y_{0} y_{0}=(\frac{\gamma(t_{0})}{2\alpha}x_{0},(\frac{\gamma(t_{0})}{2\alpha})^{p-1}y_{0})$
????? $p\geq 2$ ??
$( \frac{\gamma(t_{0})}{2\alpha})^{p-1}\leq\frac{\gamma(t_{0})}{2\alpha}\leq\frac{1}{2}$
??????
$\Vert y_{0}\Vert=\sqrt{(\frac{\gamma(t_{0})}{2\alpha})^{2}x_{0}^{2}+(\frac{\gamma(t_{0})}{2\alpha})^{2(p-1)}y_{0}^{2}}\leq\frac{\gamma(t_{0})}{2\alpha}\Vert x_{0}\Vert\leq\frac{\gamma(t_{0})}{2}<\gamma(t_{0})$ (3.2)
??????????? 1.1??




?????(3.2) ?????????????????????? $t\geq t_{0}+T(t_{0}, \eta)$ ??
??
$\eta>\Vert x(t;t_{0}$ , yo
$=\sqrt{(\frac{\gamma(t_{0})}{2\alpha})^{2}x^{2}(t;t_{0},x_{0},y_{0})+(\overline{\frac{\gamma(t_{0})}{2\alpha})^{2(p-1)}y^{2}(t;t_{0},x}}0, y_{0})$
$\geq(\frac{\gamma(t_{0})}{2\alpha})^{p-1}\Vert x(t;t_{0}, x_{0}$
??????? $t\geq t_{0}+\tau(\iota_{0,\eta})$ ????
$\Vert x(t;t_{0}, x_{0} <(\frac{2\alpha}{\gamma(t_{0})})^{p-1}\eta=\epsilon$
64




?? 3.2. ???? $(HS)$ ?????????????????????????
?????? 1.1???? 3.1 (??????? 3.2) ??????????????
????????
?? 3.3. ???? $(HS)$ ???????????????????????????
?? (????????????) ????
4 ???????????








???????? $(HS)$ ??????? (???) ????????
?????? $to\geq 0$ ????? $\gamma(t_{0})=1$ ????????????? $0<\eta<1$ ???
???? $T(t_{0,\eta})>0$ ???? $t\geq t_{0}+T(t0, \eta)$ ????
$\int_{0}^{t}\psi(s)ds<\int_{0}^{t_{0}}\psi(s)ds+\log\frac{\eta}{2}$
?????? $to\geq 0$ ???????? $\Vert x_{0}\Vert<\gamma(t_{0})$ ??????? $x_{0}\in \mathbb{R}^{2}$ ?????
?????? $\{HS$) ?? $(x(t), y(t))$ ???????? 1.2?????? (1.1) ????
???????? $t\geq t_{0}+T(t_{0,\eta})$ ????
$|x(t)|^{p}+|y(t)|^{p^{*}} \leq(|x_{0}|^{p}+|y_{0}|^{p^{*}})\exp(\int_{0}^{t}\psi(s)ds-\int_{0}^{t_{0}}\psi(s)ds)$
$<(|x_{0}|^{p}+|y_{0}|^{p^{*}}) \frac{\eta}{2}<\eta$





?? 4.1. ?? $t_{0}\geq 0$ ????? $(x_{0}, y_{0})$ ??????? $(HS)$ ??? $(x(t), y(t))$ ??
???? $\omega(t)$ ?
$\omega(t)=\min\{-pe(t)-|(p-1)f(t)-g(t)|, -p^{*}h(t)-|f(t)-(p^{*}-1)g(t)|\}$
??????????????? $(HS)$ ?? $(x(t), y(t))$ ? $t\geq t_{0}$ ???????
$|x(t)|^{p}+|y(t)|^{p^{*}} \geq(|x_{0}|^{p}+|y_{0}|^{p^{*}})\exp(\int_{t_{0}}^{t}\omega(s)ds)$
??????
Proof. ? $(t_{0}, (x_{0}, y_{0}))$ ??????? $(HS)$ ??? $(x(t), y(t))$ ?????? $v(t)$ ?
$v(t)=|x(t)|^{p}+|y(t)|^{p^{*}}$ ??????? $t\geq t_{0}$ ????
$v'(t)=p\phi_{p}(x(t))x'(t)+p^{*}\phi_{p^{*}}(y(t))y'(t)$
$=-pe(t)|x(t)|^{p}+(pf(t)-p^{*}g(t))\phi_{p}(x(t))\phi_{p^{*}}(y(t))-p^{*}h(t)|y(t)|^{p^{*}}$





????????????? $\exp(-\int_{t_{0}}^{t}\omega(s)ds)$ ?????? $t\geq t_{0}$ ????
$( \exp(-\int_{t_{0}}^{t}\omega(s)ds)v(t))'\geq 0$
??????? $t_{0}$ ?? $t$ ???????? $t\geq t_{0}$ ????
$v(t) \geq v(t_{0})\exp(\int_{t_{0}}^{t}\omega(s)ds)=(|x_{0}|^{p}+|y_{0}|^{p^{*}})\exp(\int_{t_{0}}^{t}\omega(s)ds)$
???????????





??????? $(HS)$ ???????????????? $tarrow\infty$ ???? $|x(t)|^{p}+$
$|y(t)|^{p^{*}}arrow 0$ ???????????? 4.1???????
$\int_{0}^{t}\omega(s)dt=\int_{0}^{t_{0}}\omega(s)ds+\int_{t_{0}}^{t}\omega(s)dsarrow-\infty$
???????
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